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ABSTRACT. Four caribou (Rangifer tarandus grantii) herds calve on the North Slope of Alaska, three of which have been
exposed to little or no resource development. We present 15 years of baseline data on the distribution and movements of 72
satellite-collared and 10 GPS-collared caribou from the Teshekpuk caribou herd (TCH) that have had little to no exposure to oil
and gas activities. Fixed-kernel home range analyses of collared caribou revealed that calving grounds were concentrated (i.e.,
50% kernel utilization distribution) along the northeastern, eastern, and southeastern shores of Teshekpuk Lake. During the post-
calving period, 51% and 35% of caribou moved through two constricted zones to the east and west of Teshekpuk Lake,
respectively, and accessed insect-relief habitat along the Beaufort Sea coast. During late summer and early fall, TCH caribou were
concentrated to the southeast and southwest of Teshekpuk Lake. Although 65% of the Teshekpuk caribou wintered in two areas
on the central coastal plain around the village of Atqasuk and south of Teshekpuk Lake, other TCH animals wintered in a great
variety of places, including the Seward Peninsula, the eastern and southern Brooks Range, and the Arctic National Wildlife
Refuge. We detected an apparent emigration rate of 6.9%. One male and five female TCH caribou joined the breeding populations
of the Western Arctic and Central Arctic herds. TCH caribou traveled an average distance of 2348 ± 190 km annually. Movement
rates were at a maximum in midsummer, lowest in winter, and intermediate during spring and fall migrations. Restrictions on
oil and gas leasing and surface occupancy have been in place to protect calving, migratory corridors, and insect-relief habitat for
the TCH, but these protections are likely to be removed. These data will provide a good baseline that can be used to compare pre-
development distribution and movement patterns of TCH caribou to distribution and movement patterns during and after
petroleum development.
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RÉSUMÉ. Quatre hardes de caribous (Rangifer tarandus grantii) vêlent sur la côte nord de l’Alaska, dont trois de ces hardes
ont été exposées à peu ou pas d’aménagement des ressources. Nous présentons des données de base échelonnées sur 15 ans
relativement à la répartition et aux déplacements de 72 caribous dotés d’un collier émetteur par satellite et de 10caribous munis
d’un collier émetteur GPS de la harde de caribous de Teshekpuk (HCT), caribous qui ont été peu ou pas du tout frottés aux activités
pétrolières et gazières. L’analyse du noyau fixe des domaines vitaux des caribous à collier a révélé que les lieux de vêlage étaient
concentrés (c’est-à-dire 50 % de la répartition de l’utilisation du noyau) le long des côtes nord-est, est et sud-est du lac Teshekpuk.
Après la période de vêlage, 51pour cent et 35 pour cent des caribous se déplaçaient au sein de deux zones de constriction à l’est
et à l’ouest du lac Teshekpuk, respectivement, et accédaient un habitat où se trouvait moins d’insectes sur la côte de la mer de
Beaufort. Vers la fin de l’été et le début de l’automne, les caribous de la HCT étaient concentrés au sud-est et au sud-ouest du
lac Teshekpuk. Bien que 65 pour cent des caribous de Teshekpuk passaient l’hiver dans deux régions de la plaine côtière centrale
autour du village d’Atqasuk et au sud du lac Teshekpuk, les autres bêtes de la HCT passaient l’hiver dans divers endroits, dont
la péninsule de Seward, les versants est et sud des montagnes de Brooks et la Réserve faunique nationale de l’Arctique. Nous
avons détecté un taux d’émigration apparent de 6,9 pour cent. Un caribou mâle et cinq caribous femelles de la HCT ont rejoint
les populations de reproduction des hardes de l’ouest et du centre de l’Arctique. En moyenne, le caribou de la HCT parcourait
une distance de 2348± 190 km annuellement. Les taux de déplacement étaient à leur point le plus élevé au milieu de l’été, tandis
qu’ils étaient à leur niveau le plus bas l’hiver et à un niveau intermédiaire pendant les migrations du printemps et de l’automne.
Il existe des restrictions en matière de location et d’occupation en surface pour le pétrole et le gaz afin de protéger le vêlage, les
corridors de migration et les habitats à faible taux d’insectes pour la HCT, mais il est vraisemblable que ces restrictions soient
éliminées. Ces données fourniront une bonne base pour comparer la répartition et les déplacements du caribou de la HCT avant
la mise en valeur des ressources à la répartition et aux déplacements du caribou de la HCT pendant et après la mise en valeur
pétrolière.
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INTRODUCTION
Four herds of caribou (Rangifer tarandus grantii) calve
throughout the North Slope of Alaska (i.e., the land north of
the continental divide of the Brooks Range). Parturient
caribou demonstrate fidelity to calving grounds, and Alaskan
wildlife managers have used this behavior to assign an
animal to a herd on the basis of its calving location (Skoog,
1968). The majority of animals in three of these herds—the
Western Arctic herd (WAH), the Central Arctic herd (CAH),
and the Porcupine caribou herd (PCH)—winter south of the
North Slope, while most of the Teshekpuk caribou herd
(TCH) remains on the Arctic coastal plain (i.e., lands north
of the continental divide with an elevation less than about 60
m) throughout the winter. The TCH is an important subsist-
ence resource, yet little has been published about this herd.
Furthermore, oil and gas development is planned for por-
tions of its range making it important to delineate the herd’s
range and behavior. We analyzed a long-term satellite
telemetry dataset to determine seasonal herd distribution,
herd fidelity, and rate of movement.
The seasonal ranges that caribou choose have life his-
tory consequences that are strongly influenced by their
nutritional environment (Russell et al., 1993; Griffith et
al., 2002; Cameron et al., 2005). Caribou maximize their
nutritional intake through large-scale migratory move-
ments to areas of higher habitat quality, changes in sea-
sonal and annual distribution in response to changes in
plant phenology and availability, and rapid movements to
limit harassment by the mosquito (Culex spp.) and oestrid
fly (Hypoderma spp. and Cephenemyia spp.). Caribou are
generally thought to move to winter ranges where energy-
rich lichens are available, and they cope with this low-
protein diet by conserving and redistributing protein
reserves and metabolites (Gerhart et al., 1996; Parker et
al., 2005). It appears that calving is timed to occur in areas
where vegetation has recently emerged after snowmelt.
Vegetation is phenologically young at this time and has a
low ratio of fiber to protein content, which supports both
dam lactation and tissue deposition once rumen function
develops in the offspring (Chapin et al., 1980; White,
1992; Griffith et al., 2002; Post et al., 2003; Knott et al.,
2004). The ability of caribou to move freely among differ-
ent seasonal ranges and within habitats during a season
may be adversely affected by human activities, such as oil
and gas development.
Until recently, oil and gas production on the North
Slope of Alaska has been concentrated in a region between
Prudhoe Bay and the Colville River that encompasses the
calving grounds of the CAH. Extensive CAH caribou
monitoring and research has been carried out since the late
1970s, which has helped to improve mitigative measures.
Interpretations of data collected to monitor the impacts on
caribou of oil and gas development have been divergent
(Cameron et al., 1992; Ballard et al., 2000; Cronin et al.,
2000). During the 1980s, CAH calving occurred to the
southwest, away from areas of development (Wolfe, 2000;
Cameron et al., 2005). Much research throughout this
period focused on negative multiplier effects (White, 1983)
on the population resulting from the displacement of par-
turient cows to habitats that may be of lower nutritional
quality than areas previously used by CAH cow-calf pairs
(Wolfe, 2000; Cameron et al., 2005). Cronin et al. (2000)
point out that the CAH population increased concurrently
with oil and gas development and conclude that no popu-
lation-level impacts from resource development have oc-
curred. Demonstrating cause-and-effect relationships
between resource extraction and wildlife populations is
complicated by natural variation in caribou behavior, popu-
lation trends, habitat selection, and climate. Detection of
potential industrial impacts to the CAH has been further
hampered by insufficient long-term distributional data
collected prior to surface development.
There is federal and industrial interest in making the
TCH calving grounds and summer and insect-relief areas
available for oil and gas leasing (BLM, 1998, 2005). There
is concern among the Inupiat, local land managers, and
non-governmental organizations that increased industrial
activity will reduce access to caribou as a subsistence
resource by both lowering herd productivity and by dis-
placement of caribou from traditional migratory routes
and calving grounds. One unique aspect of the calving
grounds around Teshekpuk Lake is two constricted (ca.
12 km) landmasses through which caribou travel to insect-
relief habitat, and it is likely that infrastructure will be
placed in one or both of these areas. The TCH is an
important subsistence resource; all villages on the North
Slope have harvested caribou from this herd (Fuller and
George, 1997; Prichard and Murphy, 2004). The TCH
population has increased in the past decade despite esti-
mated annual harvest levels between 5% and 10% (Fig. 1;
Carroll, 2005). The fact that this herd has increased while
supporting high harvest levels suggests high rates of re-
production and reproductive success, immigration from
adjacent herds, or a combination of these factors.
Rangifer exhibit gregarious behavior, and fall and win-
ter ranges of the different herds may overlap, particularly
when herd populations are high. Under these circum-
stances, emigration has occurred in Rangifer systems
(Ferguson et al., 2001; Finstad et al., 2002; Hinkes et al.,
2005). The idea of interchange among herds of caribou
calving on the North Slope is partially supported by a lack
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FIG. 1. Population estimates of the four caribou herds that calve on the North
Slope of Alaska. TCH = Teshekpuk caribou herd; CAH = Central Arctic herd;
WAH = Western Arctic herd; and PCH = Porcupine caribou herd. Data are from
Carroll, 2005 (TCH); Lenart, 2005 (CAH); Dau, 2005 (WAH); and Stephenson,
2005 (PCH).
of genetic distinctness found among those four herds
(Cronin et al., 2003). Herd interchange has the potential to
mask population effects of resource development and
hunting at the herd level. Quantifying the rate of dispersal
among herds would be useful to wildlife and land manag-
ers for assessing the concurrent impacts of harvest rate and
increased industrial development on the North Slope.
We present a 15-year data baseline of TCH caribou move-
ments and distribution. Data on 72 satellite-collared and 10
GPS-collared caribou were collected from 1990 to 2005,
when little or no industrial infrastructure existed within their
range (Fig. 2). Our objectives were to accomplish the follow-
ing tasks prior to resource development within the annual
range of the TCH: (1) determine calving, insect-relief, late
summer, and winter home ranges of the TCH, (2) determine
spring and fall migratory routes and the proportion of collared
caribou moving through critical areas near Teshekpuk Lake,
(3) describe rates of apparent emigration of collared TCH
FIG. 2. A map of the study area throughout which caribou from the Teshekpuk caribou herd were distributed between 1990 and 2005 as measured by satellite and
GPS collars. NPR-A = National Petroleum Reserve-Alaska, DHC = Dalton Highway Corridor,  and ANWR = Arctic National Wildlife Refuge. We define the North
Slope as all lands north of the continental divide. All lands less than ca. 60 m in elevation and north of the continental divide are considered to be the coastal plain.
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caribou to neighboring herds, and (4) estimate the distance
traveled annually and seasonally based on GPS collar loca-
tions collected every three hours.
METHODS
Caribou Capture and Calving Status
In 1990 and 1991, we captured seven female caribou
using a dart containing carfentanil and xylazine fired with
a tranquilizer gun from a helicopter. Naloxone and yohim-
bine were used as antagonists to the tranquilizer. From
1992 to 2004, 75 caribou were captured, using either a
skid-mounted net gun or one fired manually from a heli-
copter, and then blindfolded and restrained for collaring
(Philo et al., 1993; Carroll, 2005). Caribou were typically
captured in late June and July, and all caribou were fitted
with a collar containing a conventional VHF radio-trans-
mitter and either a satellite-linked (PTT) or a GPS-linked
transmitter, with duty cycles that varied among years
(Table 1). Collars were adjusted to allow for growth and
minimal rubbing, and expansion straps were attached to
collars deployed on bulls to accommodate changes in neck
girth during rut. We received location and mortality data
from polar-orbiting satellites, transmitted through com-
mand and acquisition stations to ARGOS data processing
centers (Fancy et al., 1988).
Aerial surveys were conducted annually to determine
the calving status of female caribou in early to mid June
(Carroll et al., 2005).
Seasonal Distribution and Migratory Routes
We divided each year into eight different seasons based
on previously described caribou behavior (adapted from
Russell et al., 1993): spring migration (16 April – 31 May),
calving (1 – 15 June), post-calving (16 – 30 June), mos-
quito harassment (1 – 15 July), mosquito and oestrid fly
harassment (16 July – 7 August), late summer (8 August –
15 September), fall migration and rut (16 September – 30
November), and winter (1 December – 15 April).
TABLE 1. Number of satellite-linked (PTT) and Global Positioning System-linked (GPS) telemetry collars deployed on caribou from the
Teshekpuk caribou herd between 1990 and 2004. Y= year.
Year Deployment Date Number Deployed Female Male Collar Model1 PTT or GPS Duty Cycle
(hours)
1990 July 1 6 6 — ST-3 Y1-Y2
1 mo 6 on 18 off
11 mo 6 on 42 off
1991 October 4 1 1 — ST-3 Y1-Y2
1 mo 6 on 18 off
11 mo 6 on 42 off
1992 July 18 6 6 — ST-3 Y1 6 on 42 off
Y2 6 on 42 off
1993 July 16 5 5 — ST-3 Y1 6 on 42 off
Y2 6 on 42 off
1994 — 0 — — — —
1995 July 18 –20 7 7 — ST-3 Y1 6 on 42 off
Y2 6 on 42 off
1996 — 0 — — — —
1997 July 4 2 1 1 ST-3 Y1 6 on 42 off
Y2 6 on 42 off
1998 July 29 2 2 — ST-3 Y1 6 on 42 off
Y2 6 on 42 off
1999 — 0 — — — —
2000 July 8 – 9 4 4 ST-18 A-3300 Y1 6 on 42 off
Y2 6 on 138 off
Y3 6 on 138 off
Y4 6 on 42 off
2001 July 26 –27 11 5 6 ST-18 A-3300 Y1 6 on 42 off
Y2 6 on 42 off
Y3 6 on 42 off
2002 September 8 8 5 3 ST-18 A-3300 Y1 6 on 42 off
Y2 6 on 42 off
Y3 6 on 42 off
2003 June 25 – 26 20 14 6 ST-18 A-3300 Y1 6 on 42 off
Y2 6 on 138 off
Y3 6 on 42 off
2004 July 4 – 5 10 10 TGW-3680 Y1 18 on 6 off
1 Telonics, Inc., Mesa, Arizona USA.
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We used Kernel Home Range (HR) (Seaman and Powell,
1996) to calculate kernel density distributions for calving,
the period of maximum mosquito harassment, late sum-
mer, and winter. We selected one location nearest to the
midpoint of each season from each individual caribou in
each year in order to weight the distribution evenly be-
cause both the number of collars deployed and the duty
cycles varied among years (Table 1). The distribution of
calving locations was determined from the location as
close as possible to peak calving (9 June) for all female
caribou that successfully calved (Carroll, 2005). All cari-
bou that emigrated (as defined below) from the TCH were
removed from calculations of kernel density distributions.
Because of the linear nature of migratory movements we
did not calculate a herd distribution kernel for spring and
fall migration. In order to visually depict and quantify the
distribution of migratory routes for collared caribou, we
created a grid covering northern Alaska that consisted of
15 km2 cells. We determined the number of different cari-
bou that migrated through each cell during each fall or
spring season by connecting subsequent locations with
straight lines. We did not include lines connecting locations
more than seven days and 100 km apart because long gaps
between locations were sometimes the result of intermit-
tently functioning collars. We combined all years for all
collared caribou to determine the total number of animals
migrating through each grid cell during the study period.
The terrestrial corridors between Teshekpuk Lake and
Smith Bay to the northwest and Kogru River to the east are
relatively narrow (ca. 12 km). It is probable that one or
both of these corridors, which we will refer to as “con-
stricted zones,” will someday contain oil- and gas-related
infrastructure that may obstruct caribou movements to and
from the area north of the lake (BLM, 2005). We calcu-
lated the proportion of collared caribou that moved through
the Smith Bay and Kogru River constricted zones using
methods similar to those of Prichard et al. (2003). We
determined the number of collared caribou in each of these
zones, as well as the total number of collars transmitting in
each two-week time period. We removed all locations
within 30 days of the date when a caribou was collared
because many of these animals were captured near these
zones. We included only those animals that had six loca-
tions within each time period to ensure that we had a good
record of an animal’s movement for that period.
Apparent Emigration
We define apparent emigrants from the TCH as those
individuals that were collared within 50 km of Teshekpuk
Lake during June and July and were observed near the
calving grounds of the WAH or CAH in subsequent years
during the calving season. However, we also included
among the emigrants two animals collared in September
2002 because both of these animals calved with the TCH
in 2003 and were subsequently observed with the CAH at
calving in 2004. We qualify the term “emigration” with the
word “apparent” because we assume that our collared
caribou were born on the calving grounds around Teshekpuk
Lake. We determined the proportion of caribou that met
our criteria for apparent emigration and tested for differ-
ences in apparent emigration between male and female
caribou using a chi square test. Differences were consid-
ered to be statistically significant at α ≤ 0.05.
Distance Traveled
We calculated the distance traveled by 10 females fitted
with GPS collars (programmed to collect locations every
three hours) by calculating the distance (km) and rate of
travel (km/h) between each successive pair of locations.
Although 95.4% of caribou days had eight locations per day,
there were 163 caribou-days with fewer than eight locations
and six caribou-days with no locations. To correct for days
that had fewer than eight locations, we calculated the mean
rate of travel for each day. For the six caribou-days for
which we had no rate-of-travel information, we used calcu-
lated averages of the rate of travel on the previous and
subsequent days. We calculated the total distance traveled
in a year by GPS-collared caribou by summing the linear
distances between each successive pair of locations. We
tested for seasonal differences in movement rates using an
analysis of variance (ANOVA). If the overall model showed
significant differences at p ≤ 0.05, we then tested for
differences among seasons using Tukey’s multiple com-
parison method. We also compared the rate traveled by
caribou that wintered on the central coastal plain to that of
animals that wintered along the western coast of the Chukchi
Sea or in the eastern Brooks Range using paired t-tests and
evaluated these results to a Bonferroni-corrected level of
significance at α ≤ 0.00625. Data presented in the text
represent the mean ± 1 standard error of the mean (SE). All
analyses were performed using SPSS 14.0 statistical soft-
ware (SPSS Inc., 2005).
RESULTS
Seasonal Distribution and Migratory Routes
Kernel distribution analyses of collared TCH caribou
locations during calving in 1990 – 2005 revealed that the
50% kernel utilization encompassed the area immediately
southeast, east, and north of Teshekpuk Lake, while the
99% utilization distribution covered the area around
Teshekpuk Lake between the Chipp River to the west and
Harrison Bay to the east (Fig. 3a). Utilization distributions
for successful cows during calving encompassed an area of
1380 km2 for 50% and 7201 km2 for 90% of the utilization
distribution. During the post-calving period, 16 – 30 June,
animals generally began to move farther to the north of
Teshekpuk Lake and the utilization distribution increased
to 2411 km2 for 50% and 18 313 km2 for 99% of the
utilization distribution. Mosquitoes typically begin to
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emerge in early July, at which time caribou further ex-
panded their distribution to the north and west of Teshekpuk
Lake (Fig. 3b). The 50% utilization distribution for the
mosquito season encompassed an area of 1748 km2 and the
99% utilization distribution was 8560 km2 between 1 July
and 15 July. During the mosquito and oestrid fly season, 16
July – 7 August, TCH range increased to 5458 km2 for 50%
of the utilization distribution and 26 429 km2 for 99% of
the distribution. During late summer and early fall, 50% of
the utilization distribution was centered to the southwest,
south, and southeast of Teshekpuk Lake, and this distribu-
tion encompassed a 50% range of 5662 km2 (Fig. 3c). The
99% range of collared caribou during late summer was
31 996 km2, which encompassed Atqasuk and was centered
approximately 30 km south of Barrow. Analyses revealed
two concentrated (i.e., 50% kernel utilization distribution)
wintering areas on the central coastal plain, one to the
west, centered on Atqasuk and one southeast of Teshekpuk
Lake (Fig. 3d). The distribution of wintering caribou was
variable among years. During the winters of 1990 to 2005,
65% of collared TCH caribou wintered in the two regions
of the central coastal plain mentioned above, 21% in the
central and eastern Brooks Range, 11% along the coast of
the Chukchi Sea from Barrow south to the Seward Penin-
sula, and 3% in the Arctic National Wildlife Refuge
(ANWR). The 50% utilization distribution of concen-
trated wintering areas encompassed 16 903 km2 and the
99% distribution encompassed 153 711 km2.
A total of 119 routes were used to delineate fall migra-
tion corridors. Fall migratory routes are most pronounced
between the Teshekpuk Lake area and Atqasuk (Fig. 4a).
Another conspicuous route extends to the west along the
Chukchi Sea coast past the villages of Wainwright, Point
Lay, and Point Hope. Several groups of two to four animals
moved along routes that pass through contiguous grid
cells. One route extends south of the central coastal plain
through the Killik River drainage and continued south of
the Brooks Range past Ambler to Norton Sound, and
another route goes south of the coastal plain and parallels
the Dalton Highway Corridor (DHC), which is used to
FIG. 3. Kernel utilization distribution (50%, 75%, and 99%) of caribou from the TCH as measured by satellite and GPS collars between 1990 and 2005. Figure
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FIG. 4. Migratory routes of TCH caribou as measured by satellite and GPS collars between 1990 and 2005 for A) the fall migration and rutting period 16 September–
30 November) and B) the spring migration (16 April–31 May).
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access wintering areas in the central Brooks Range. An-
other minor route extends from the central coastal plain
along the northern coast of the Beaufort Sea and was
established when a substantial portion of the herd migrated
to the Arctic National Wildlife Refuge during the winter of
2003 – 04 (Fig. 4a).
Spring migratory routes are based on 87 spring migration
events determined by PTT- and GPS-collared caribou be-
tween 1990 and 2005. The route used by the highest density
of collared caribou in May is between Atqasuk and the
southern shores of Teshekpuk Lake. Other spring routes
reflect those used during the fall migration along the DHC,
south of the western and central Brooks Range, and along
the coasts of the Chukchi and Beaufort seas (Fig. 4b).
Between mid May and August, a high proportion of
collared caribou were observed in either or both of the
constricted zones around Teshekpuk Lake (Fig. 5). When
averaged for the 15 years of this study, the proportion of
caribou using the area to the east, between the lake and the
Kogru River, peaked on 1 July at 51% ± 6.8% of all
collared caribou (Fig. 6). Use of the constricted zone to the
west of Teshekpuk Lake peaked during the second week of
July at 35% ± 6.9% of all collared caribou in the area.
Later, in the first week of October, 14% ± 3.5% of the
collared caribou used the Kogru corridor.
Apparent Emigration
Fifty-six collared TCH caribou met our criteria for
estimating apparent emigration. Of this sample, the aver-
age number of years that collars were active, or that
caribou survived, was 1.55 (range 1 – 4 years). Six collared
caribou, one male and five females, emigrated from the
TCH to the WAH and CAH over the course of 87 collar
years (Table 2). This represents an overall apparent emi-
gration rate of 0.069 ± 0.027 of TCH caribou per year. The
apparent emigration rate of males was 0.071 ± 0.069 of 14
caribou years, and the single emigrant male joined the
CAH. The female apparent emigration rate was 0.068 ±
0.03 of 73 caribou years. Three emigrant females joined
the CAH, while the other two joined the WAH. The rate of
apparent emigration to the CAH and WAH was equal,
0.034 ± 0.019 throughout 87 caribou years. We found no
difference in rates of apparent emigration between males
and females (chi-square = 0.02, df = 1; p = 0.968).
Distance Traveled
GPS-collared female TCH caribou traveled an average
distance of 2348.0 ± 190.5 km throughout the year, and
their rate of travel varied among seasons (F = 43.68, df = 7;
FIG. 5. Map of constricted areas to the east and west of Teshekpuk Lake through which TCH caribou travel to reach insect-relief habitat along the Beaufort Sea
coast.
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p < 0.001) (Table 3). Caribou traveled over 18 km per day
during the mosquito and oestrid fly seasons between 1 July
and 7 August (Fig. 7). In contrast, they traveled an average
distance of 2.8 km per day during the winter season.
Throughout the rest of the year, caribou traveled an aver-
age distance of between 6.4 and 7.5 km per day (Table 3).
Animals that wintered on the central coastal plain con-
sistently traveled shorter distances throughout the year
than animals that wintered elsewhere, though the differ-
ence was not statistically significant (Fig. 7). The four
animals that remained on the coastal plain during the
winter traveled 1766 ± 113 km per year compared to 2736
± 169 km per year traveled by the six caribou that wintered
off the central coastal plain. After Bonferroni corrections,
we found no differences in the seasonal rate of travel
between animals that wintered on or off the central coastal
plain except during the spring (t = 7.726, df = 6.08; p =
0.0002), when caribou that wintered off the central coastal
plain traveled 8.4 ± 0.7 km d-1 compared to 3.6 ± 0.3 km d-1
for animals that wintered near Teshekpuk Lake.
FIG. 6. Proportion of satellite- and GPS-collared caribou moving through
constricted areas to the east and west of Teshekpuk Lake between 1990 and
2005.
TABLE 2. Proportion of Teshekpuk caribou herd (TCH) caribou
emigrating to either the Central Arctic herd (CAH) or the Western
Arctic herd (WAH) between 1990 and 2005, as measured by
satellite and GPS telemetry.
Number Number Proportion
emigrated of collar years emigrated Standard Error
Overall 6 87 0.069 ± 0.027
CAH 4 87 0.046 ± 0.022
WAH 2 87 0.023 ± 0.016
Males 1 14 0.071 ± 0.069
Females 5 73 0.068 ± 0.030
TABLE 3. Distance traveled by caribou from the Teshekpuk caribou herd as measured by 10 GPS collars. Distances traveled varied among
seasons (F = 43.68, df = 7; p < 0.001). Seasons with shared letters are not statistically different at α ≤ 0.05 (Tukey’s Multiple comparison).
Average Distance traveled km d-1
Season
Total Distance Spring Late Fall
Traveled (km) Migration Calving Post-calving Mosquito Oestrid fly Summer Migration Winter
Tukey’s AB A A C C AB A B
Mean 2348.1 6.47 7.53 6.80 18.54 18.64 6.63 7.10 2.83
SE ± 190.46 ± 0.89 ± 0.94 ± 0.32 ± 1.46 ± 1.32 ± 0.28 ± 0.98 ± 0.31
1 Seasons are adapted from Russell et al. (1993): spring migration (16 April–31 May), calving (1 –15 June), post-calving (16 – 30 June),
mosquito harassment (1 –15 July), mosquito and oestrid fly harassment (16 July – 7 August), late summer (8 August – 15 September),
fall migration and rut (16 September – 30 November) and winter (1 December – 15 April).
DISCUSSION
Seasonal Distribution and Migratory Routes
We sought to better understand the movements and
distribution of the TCH when we initiated this project in
1990 because we recognized that industrial development
would ultimately encroach upon its range. We recognize
that our sampling effort varied; nonetheless, we believe
that the data presented constitute a conservative baseline
to which we can compare the future distribution and
movements of TCH caribou throughout their winter, calv-
ing, insect-relief, and post-calving ranges that coincide
with oil and gas development (BLM, 2005).
Caribou calving grounds may shift gradually over the
years or may change abruptly because of poor environ-
mental conditions during migration (Fleck and Gunn,
1982; Valkenburg and Davis, 1986; Gunn, 2000; Hinkes et
al., 2005). Caribou from the TCH were reported to calve
west and south of Teshekpuk Lake prior to 1978, and east,
northeast, and north of the lake in the 1980s (Davis and
Valkenburg, 1979; Reynolds, 1982; Silva, 1985; Carroll,
1992). Calving ground surveys in 1991 and 1992 indicated
that most calving occurred to the northeast and east of
Teshekpuk Lake (Carroll, 1993). Our analyses revealed
that 92% of collared caribou demonstrate fidelity to the
calving grounds near Teshekpuk Lake. Fifty percent of all
collared caribou were concentrated within the northeast-
ern, eastern, and southeastern portion of the Teshekpuk
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FIG. 7. Rates of travel of GPS-collared female caribou (n = 10) between 1 July
2004 and 30 June 2005. “Migratory” refers to animals that wintered off the
central coastal plain of Alaska, either along the northwestern coast of the
Chukchi Sea or within and south of the eastern Brooks Range.
Lake region during the calving season. Our estimates of
the 99% kernel utilization distribution of calving grounds
are similar to those reported by Griffith et al. (2002), who
found that the average 99% kernel distribution of PCH
calving grounds was 7604 km2 (compared to our estimate
of 7201 km2 for successfully calving cows). We did not
statistically compare annual variation in the concentrated
calving distribution because we had fewer than five active
collars in the 1991, 1994, and 1996 – 99 calving seasons.
Our data on TCH caribou calving distribution concur with
those of Carroll et al. (2005); however, they were able to
examine each year separately and concluded that in years
with early snowmelt, the distribution of caribou at calving
is shifted to the north of Teshekpuk Lake.
Parturient caribou reach the calving grounds soon be-
fore vegetation green-up, a time that coincides with mini-
mal disturbance from hunting (Prichard et al., 2003; Carroll,
2005). Throughout this study’s time frame, industrial and
human disturbance to calving caribou has been minimal
because of land-use allocations adopted by federal land
managers and cultural practices of the Inupiat who inhabit
this region (BLM, 1998; Carroll et al., 2005). If the area is
made available for oil and gas leasing, cows and calves
could be displaced from summer and insect-relief habitat
along the Beaufort Sea coast (BLM, 2005). To reach the
coast, 86% of the collared caribou moved through the
Kogru Inlet and Smith Bay corridors within two weeks of
calving, which typically peaks around 9 June (Carroll,
2005). Roads and pipelines in the oil fields that overlay the
CAH calving grounds displace cows with calves by 2–4 km
for two weeks after calving (Cameron et al., 1992;
Nellemann and Cameron, 1998). Displacement from pre-
ferred habitat at this time of year could jeopardize calf
survival and recruitment because the intake of milk by
nursing calves is proportional to the nitrogen and energy
intake of lactating caribou (Chan-McLeod et al., 1999).
The majority of the TCH has consistently overwintered
on the central coastal plain near Atqasuk and southeast of
Teshekpuk Lake, but some animals demonstrated remark-
able variation in locations used for wintering (Prichard
and Murphy, 2004). For the past five to seven years, some
TCH caribou have wintered south of the Brooks Range
near Coldfoot, and in the winter of 2003 – 04, groups of
TCH animals overwintered in the foothills of the ANWR
and on Barter Island. It is unclear what factors determine
the choice of wintering areas in this herd, but it is likely
related to the late summer range overlap with the WAH
and CAH, weather-related factors, predators, or availabil-
ity of forage, which is affected by fall icing events on the
North Slope. Given that caribou may abruptly change their
calving locations from year to year for environmental
reasons, it seems reasonable that wintering areas could
change for similar reasons (Gunn and Miller, 1986).
The TCH is unique when compared to the other three
herds that calve along the North Slope, in that it is the only
herd in which over 50% of the population typically
overwinters on the coastal plain. Hence, the villages of
Atqasuk, Barrow, and Nuiqsut rely heavily on this herd for
a source of protein in winter (Brower and Opie, 1997;
Prichard et al., 2003). The annual variation of winter
ranges enables the harvest of TCH caribou by all eight
North Slope villages and the southern villages of Ambler
and Coldfoot. The herd’s variable winter distribution and
the fact that villages may harvest caribou from several
herds complicate the task of estimating harvest levels for
the TCH. However, our baseline data, coupled with data
from harvest monitoring projects, have proven to be useful
for that purpose (Prichard et al., 2003). Between 5% and
10% of the herd is harvested annually by subsistence users
throughout its range (Carroll, 2005). Sport harvest of this
herd has been low partly because of its inaccessibility to
hunters from urban centers in Alaska and partly because of
hunting and off-road vehicle regulations that currently
protect the TCH and CAH as they migrate along the DHC.
Apparent Emigration
We calculated that 6.9% of collared TCH caribou ap-
parently emigrated to either the WAH or CAH over the
course of our study (Table 2). Four of the six caribou that
apparently emigrated from the TCH joined the breeding
population of the CAH. Of these, three animals, including
one bull, had overwintered in the ANWR and the eastern
Brooks Range in 2003 – 04. The collared caribou would
indicate that during most years there is little emigration,
but that during one year (2003 – 04) a relatively large
percentage of the collared caribou (and possibly thousands
of other TCH caribou) apparently emigrated to the CAH.
Such events could explain some of the interannual vari-
ance in the population estimates presented in Figure 1. Our
estimates of apparent emigration represent acute events,
while the genetic data represent an integrated representa-
tion of nuclear and maternal gene flow among these
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subpopulations that occurred throughout a few to many
generations. A more complete understanding of the perio-
dicity of apparent emigration events is necessary to draw
inferences about the population dynamics of the WAH,
TCH, and CAH. Understanding rates of interchange be-
tween herds is of particular importance because immigra-
tion events may prevent detection of potential impacts
from oil and gas development to the CAH population—a
subject that remains controversial (Cameron et al., 1992;
Nellemann and Cameron, 1998; Cronin et al., 2000).
Distance Traveled
The annual distances traveled by the TCH are consider-
ably shorter than those reported for the PCH and CAH;
Fancy et al. (1989) reported a mean annual distance traveled
of 4355 km for the PCH and 3031 km for the CAH, whereas
TCH caribou traveled an average of 2348 ± 190 km
annually. Although the actual movement rate values vary
among herds, the pattern of movements is similar for all
three herds. Movement rates were at a maximum in mid-
summer, lowest in winter, and intermediate during spring
and fall migrations. Results from the TCH differ from
those of Fancy et al. (1989) in that they show a more
prolonged period of minimal movement in winter than do
the PCH and CAH caribou. These differences are due in
part to the fact that TCH caribou tend to winter on or
nearby their concentrated late summer range. Previous
studies of these data indicated that the distance traveled by
collared caribou varied substantially among years, but
consistently was highest in July, somewhat lower during
spring and fall migration, and lowest in winter (Prichard
and Murphy, 2004). There was a slight decrease in overall
distance traveled during early to mid June, indicating that
cows with newborn calves were relatively sedentary im-
mediately after calving. Distance traveled calculations
suggest that insect harassment has a strong effect on the
TCH. Distance traveled peaked in mid July, when both
oestrid flies and mosquitoes typically are active. Because
insect harassment is strongly tied to temperature levels
(Dau, 1986; Nixon, 1991; Mörschel and Klein, 1997;
Mörschel, 1999), summer temperature should greatly af-
fect the energy budget of TCH caribou. In contrast, dis-
tance traveled calculations show that the late summer
period is one of little activity, when caribou put on weight
and amass protein reserves for the winter (Cameron et al.,
1991; Griffith et al., 2002).
Females that wintered on the central coastal plain
traveled an average daily distance of 4.8 ± 0.9 km d-1
compared to an average daily distance of 7.5 ± 1.1 km for
females that migrated off the Arctic coastal plain in the
fall. Three of the four cows that overwintered on the
coastal plain had calves associated with them the follow-
ing spring, and so did four of the six cows that overwintered
elsewhere. We find it interesting that the disparity in travel
rates between these two groups of animals was observed
throughout the year. Even during the insect harassment
and rutting seasons, animals that wintered on the coastal
plain had lower rates of travel. Several authors (Schaefer
et al., 2000; Hinkes et al., 2005) have described similar
behavior and attributed those differences to ecotypic vari-
ation within herds. We are not comfortable attributing the
differences that we have observed to ecotypic variation
because we describe movement rates for only 10 females
from one calendar year. The differences that we observed
may be more simply accounted for by variation in age-
specific experience or body condition, or both.
CONCLUSIONS
The TCH demonstrates a high degree of fidelity to its
calving grounds, with 92% of collared females using the
area around Teshekpuk Lake during the first two weeks of
June. Among the satellite-collared and GPS-collared ani-
mals, 51% used the narrow eastern corridor and 35% used
the western corridor around the lake to access insect-relief
areas between 1990 and 2005. Additionally, 65% of col-
lared TCH caribou overwintered on the central coastal
plain, which is unique when compared to the other three
herds, which typically winter south of the North Slope of
Alaska or in Canada. Previous federal administrations
protected crucial calving and insect-relief areas with re-
strictions on occupancy and building of surface structures,
but these mitigative measures are likely to be removed
(BLM, 2005). We suggest that land managers proceed
with caution when permitting development and explora-
tion in the TCH range for several reasons: 1) This herd has
not been exposed to oil and gas development; 2) about 65%
of the herd will be in contact with oil and gas development
during all seasons; 3) the result of displacing TCH caribou
from calving and insect-relief areas is not understood;
4) it would be difficult to mitigate disruption within the
migration corridors to the east and west of Teshekpuk
Lake; and 5) displacement of TCH caribou could reduce
the number of animals available to North Slope hunters,
affecting the food supply of their communities.
Our data will prove useful in documenting potential
changes in caribou distribution and behavior within the
annual range of TCH caribou, as well as in helping miti-
gate potential negative impacts of resource development.
A better understanding of immigration and emigration
rates among the herds that calve on the North Slope would
allow more effective management for all four herds and
improve our understanding of the potential effects of
resource development on these herds.
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